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Abstract

The Mars Environmental Survey (MESU R)
project has been established to deliver and emplace
a networ k of small landers on Mars, A key
requisite for this mission is the development of a
low cost, simple, 1 obust delivery system for
payloads to the Martian sut face.. NASA has
created tile? MESUR  Pathfinder project as a
pr ecursor to the MESUR Network; its primary
technology objective iS to develop the delivery
capability for MESU R Network, Discovery and
beyond. The MESUR Pathfinder mission launches
asingle, integ rated flight vehicle on trajector y to
Mars in the November/December 1996 0 ppot tunity.
Atarrivalin 199-/, the vehicle directly enters the
atmosphere and is braked successively by an
acroshell, parachute and aitbag.  Once. onthe
surface, the vehicle rights itself by deploying petals
exposing solar allays to the sky. Mockups of the
flight system have been built and (11 op tests of the
airbag landing system have been made.  ‘I'te
Pathfinder strawman scientific payload includes
instruments for measur ing the st uctme of the
atmosphere during descent, a panoramic camer a for
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determining surface morphology, and an alpha -
proton-X-ray (APX) spectrometer to determine
elemental composition of 1ocks and soil. The APX
spectrometer 1S carried by a sinall rover that will
bring it into contact with 1ocks and explore the
Jlocal area. The MESUR Pathfinder project 1S
operating within astiict development cost ceiling of
$150 million. A key management objective of the
project isto demonstiate NASA’S ability to develop
and launch a vehicle of this class to Mars within
the $150 mil lion ceiling,  Pathfinder will enable
affordable access to the Martian sur face fo1 20 kg
class payloads.

Introduction: Evolution of MESUR

In 19/8, the National Academy of Science’s
Committee on Planetary and 1 unar Exploration
(COMPLEX) provided direction to the post- Viking
Mars exploration program in stating:

“T'he primary objectives in order of scientific
priority for the continued exploration of Mars are:

(1) Theintensive study of local areas:

(@ To establish the chemical,
tmineralogical, and petrolog ical character
of different components of the surface
mater jal, 1 epresentative of the known
diversity Of the planet;

(b) ‘To establish the natare aud chronology
of the major surface forming processes;

() To determine the distribution,
abundance, and sources and sinks 0 f
volatile materials, including an
assessment of the biological potential of
the wartian  envitonment, now 31
dut ing past epochs;




(0 To establish the interaction of the
surface material with the atmosphere
and its rad iation environment;

(?) To explore the stracture and  general
citculation of the martian atmosphere;

(3) ‘10 explore tilt? structure and dynamics of
Mars’ interior;

(4) 170 establishthe natuie of the martian
magnetic field and the character of the upper
atmosphere and its interaction wit i the solar
wind;

(5) 1o establish the global chemical and physical
characteristics Of the martian swiface.” [1]

In1983, the Solar System Exploration Committee
of the NASA Advisory Councilrecognized that the,
degice to which Mars science objectives could be
accomplished depended on the establishment and
operation 0f a networ k of long-lived science
stations at diverse locations on the surface of Mars
to pet for seismic, meteorological, and geoscience
observations [?].  Var ious concepts to establish a
global Mars lander network were studied as part of
the so-called “o0 Day Study '( [3].1n 1991, the
N A SA Ames Research Center  developed — an
inmovative concept for  a  Mars Envitonmental
SURvey (MESUR) mission that involved the
phased emplacement of a 16 lander network on
Mars beginning with the fust launch in the
1998/1999 opportunity and ending in 2006 after
one Mars year (1.8 Farth years) of full network
concurrent operations [4].

Responsibility for the Phase A study of the
MESUR Network mission was assigned to the Jet
Propulsionl.aboratory (JP1.) in Novemberof 1991.
Inearly 1992, JPI. was directed to study the
feasibility of launching a Ml SUR Networ k
precursor mission under tight schedule and cost
constraints to demonstrate engineer ing systems and
technologies key to the Network. The pr ecursor
mission, designated MESUR Pathfi nder, is slated
for a new start as the first Discovery €lass mission
in October 1994 with a launch in late 1996. The

MESURNetwork start istargeted for 1996 with the
first launch targeted forno earlierthanthe 1998/99
opportunity.

MIESUR Pathfinder

A's part of the MESUR progiam, J]']. is
study ing the feasibility of landing a single vehicle
onMarsin 1997 as ademonstiation of the enabling
systems, technologies, aud management approaches
for the MESUR Network mission, Because the
planned Networ k mission will have a different,
mote stressful landing procedure than wasused by
Viking, it iS important to demonstrate critical entry,
descent, and safe landing functions prior to full-up
implementation of the MESUR Network fabiication
activity.  The demonstration mission, designated
MESUR Pathfinder, is the fust of the Discovery
class missions. Discover Y missions are defined as
fast schedule (3 yeat development cycle), low cost
($150 million development cost €ap) missions with
significant, but focused, science objectives.

The primary objective of MESUR Pathfinder is
to demonstrate critical functions, particularly the
e. ntry, descent, and landing function, required for
the successful development and deployment of the
MI:SUR  Network  stations. Technology
developments to suppor t  these functions are
descr ibed in @ companion paper [S].  Scientific
objectives  and the instrument payload for
Pathfinder include:

¢ Acquisition of atmosphet ic structure data
along the Pathfinder entry tiajectory from
an entry instt ument package (pressure,
tempet atw e, and vehicle acceleration),

¢ Characterization of surface morphology and
geology at meter scale from a sur face
imaging camera,

* Determination of the elemental composition
of rocks and/or sut face mater ials from
Alpha/Proton/X-ray spectrometer
measurements.




A single MESUR Pathfinder acrocr aft wirl be
launched on a Delta class launch vehicle in
December/January 1996, The Pathfinder acrocr aft
consists Of acruise stage, acroshell (heat shield and
back cover), deceler ator systems (par achute, solid
retrot ocket, and air bags), and a lander as shown in
Figure 1. "The aerocraft will be spin- stabilized and
Earth-pointed dur ing the cruise to Mars. Pathfindes
will enter the martian atinosphere on July 4,1997
dit ectly from the hyperbolic transfer orbit and
descend to the sur face using the aer oshell,
parachute, and solid retrorocket to slow the descent
and an air bag system to attenuate the landing
shocks as shown in Figures ? and 3.  ‘The
Pathfinder landing site Will be selected fiom
avail able low elevation ar eas lar ge enough to
accommodate anticipated targeting dispet sions near
the sub-solar point at 15° North latitude. }.anding
sites near 15° North latitude provide good solar and
Earth vigibility conditions for the primary solar
power and direct-to-Earth communications for the
duration of the Pathfinder 30 day primary mission.
A i ee-1 anging, solar powet ed 1 eve] sur face
vehicle, developed with NASA Code C funding,
will be flown on Pathfinder. The rover, as shown
in Figure 4, will be deployed from the lander to
conduct rover technology experiments, detennine
the viability of rover operations in the mar tian
environment, andserve as deployment platforn for
the  Alpha/Proton/X-ray  spectrometer. The
acquisition and return of scientific data androver
operations Will commence immediately following
the playback of key engincering data regarding the
coalition and configur ation of the lander and the
character istics of the entry. A more complete
desctiption of the rover is givenin Refer ence 6.
Figure 5 provides an ar tist’s conception of the
MESUR Pathfinder lander and deployed 1over on
the suiface of Mars.
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Figure 1. Exploded View of MESUR Pathfinder Flight System
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Figure 3. MESUR Pathfinder Descent and Panding Scen
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Figure 4. MESUR Pathfinder Microrover Schematic




Fioure 5. MESUR Puthiinder Tanded Configuration




